Abstract: This study evaluated the efficacy of fenugreek seed extract (FSE) in growing pigs. About 140 growing pigs [(Yorkshire × Landrace) × Duroc] with an average body weight (BW) of 23.70 ± 2.80 kg were used in a 6 wk trial. Treatments were (on as-fed basis) two levels of FSE (FSE0, 0 or FSE0.2, 2 g kg −1 basal diet), and two levels of energy [low-energy diet (LED); 3160 or high-energy diet (HED); 3260 kcal kg −1 metabolizable energy (ME)]. Pigs in HED and FSE0.2 diets had higher final BW, average daily gain, and gain:feed ratio (G:F) compared with in LED, and FSE0 diets, respectively (P < 0.05). Pigs fed the FSE0.2 and HED diets had higher energy (E) digestibility than the FSE0 and LED diets, respectively (P < 0.05). Pigs fed the FSE0.2 diet increased serum immunoglobulin G (IgG), and reduced total cholesterol (TC) concentration than the FSE0 diet (P < 0.05). Hydrogen sulfide (H 2 S) and ammonia (NH 3 ) gas emission in FSE0.2 diet were lower than that in FSE0 group (P < 0.05). In conclusion, results indicated that dietary supplementation of FSE improved growth performance, digestibility, serum IgG, reduced serum TC, and noxious gas emission in growing pigs.
Introduction
The livestock industry is continuously developing new ways to enhance animal performance, gut health, and production to efficiently meet the growing demand for food due to increasing human population. Over the last 50 years, most work has been focused on areas of nutrition, genetics, engineering, and management. In the last few decades, there has been an increased effort to determine the biochemical structures and corresponding physiological effects of many nutritional additives, including the use of antibiotics to enhance growth and effectively reduce digestive disorders (Griggs and Jacob 2005) . Due to concerns on food safety and the environment, there is a need to search for alternative strategies to manage animals without relying on antibiotics. Various extracts from different plant sources either in purified form or in combination with other natural or synthesized materials are available as alternatives to antibiotics (Begum et al. 2014; Cho et al. 2014; Devi et al. 2015) .
Fenugreek (Trigonella foenum-graecum L. Leguminosae) is a leguminous medicinal herb. It is currently being used for human health benefits. It has attracted attention for potential use in enhancing efficiency of animal production. In regions where the herb grows, its leaves and seeds have been used in an assortment of preparations for medicinal and nutritional purposes. Human and animal studies have shown that extracts from its seeds have hepatoprotective (Öner et al. 2008; Baquer et al. 2011) , hypoglycemic (Hannan et al. 2007; Baquer et al. 2011) , appetite stimulating (Petit et al. 1993) , hypocholesterolemic (Petit et al. 1993; Belguith-Hadriche et al. 2013; Hossain et al. 2015) , immune stimulating (Bin-Hafeez et al. 2002) , antineoplastic, anti-inflammatory (Öner et al. 2008) , antioxidative (Belguith-Hadriche et al. 2013; Kenny et al. 2013; Khole et al. 2014) , and antimicrobial (Windisch et al. 2008) properties both in in vitro and in vivo. Various studies have shown that dietary supplementation with 2 g kg −1 fenugreek seed extract (FSE) may improve growth performance, nutrient digestibility, and immune status in sows and weanling pigs (Hossain et al. 2015; Begum et al. 2016 ). In addition, administration of FSE at a level of 2 g kg −1 has been reported to reduce fecal Escherichia coli counts, and fecal noxious gas emission in sows (Hossain et al. 2015) . These effects might be attributed to saponins that have been able to improve the growth performance of weanling pigs, broiler chickens, and fish (Johnston et al. 1981; Francis et al. 2001 Francis et al. , 2002 Begum et al. 2016) . Moreover, FSE contains galactomannan, diosgenin, alkaloids trigonelline, trigocoumarin, and vitamin A (Maisonnier et al. 2001; Bin-Hafeez et al. 2002; Khole et al. 2014) . It has been reported that increased dietary metabolizable energy (ME) can affect feed intake of poultry and pigs (Grobas et al. 1999; Harms et al. 2000; Cho and Kim 2013; Zhang et al. 2014) . It is possible that the performance of pigs might be affected by the energy density of the diet during supplementation with FSE. It has been demonstrated that high-energy diet administered with plant extracts can increase the weight gain and improve the apparent digestibility of dry matter (DM), crude protein (CP), and energy (E) of weanling pigs compared with low-energy diet without addition of plant extract (Zeng et al. 2015) . Therefore, there might be an interaction between dietary energy and FSE in growing pigs. Our previous studies have shown that fecal microbiota (i.e., E. coli and Lactobacillus) could influence intestinal nutrient utilization and subsequently decrease fecal noxious gas emissions in pigs (Zhang and Kim 2013; Hossain et al. 2015) . The objective of this study was to assess the effect of FSE supplementation and dietary energy density on growth performance, nutrient [DM, nitrogen (N) , and E] digestibility, blood characteristics, and fecal microbiota of growing pigs. Their effect on noxious gas emission was also evaluated to assess their potential in reducing harmful wastes during pig production.
Materials and Methods

Sources of FSE
The FSE used in this study was provided by Daehan Chemtech Co., Seoul, South Korea, and Emerald Seed Products Ltd., Avonlea, Canada. In brief, finely powdered seeds of fenugreek (1 kg) were defatted with light petrol and then exhaustively extracted by percolation with 95% ethanol (5 L × 5 L) for 10 d. The alcohol extract was pooled and the solvent was evaporated under reduced pressure at 40-50°C to furnish a dark brown residue (35 g). It was stored at 3-4°C until used (Sur et al. 2001 
Animals, diets, and housing
The experimental protocols describing the management, and care of animals were reviewed, and approved by the Animal Care and Use Committee of Dankook University. About 140 growing pigs [(Yorkshire × Landrace) × Duroc] with an average body weight (BW) of 23.70 ± 2.80 kg were used in a 6 wk experiment. Pigs were weighed, ear tagged, and allocated to treatments, balancing for live weight and gender (56 gilts and 84 barrows).
Pigs were allotted into four treatments, and there were seven replications per treatment with five pigs (two gilts and three borrows) per pen. The experiment was a 2 × 2 factorial arrangement with two levels of ME [low-energy diet (LED) = 3160 kcal kg basal diet). The diets (Table 1) were formulated to meet or exceed the nutrient requirements of pigs [National Research Council (NRC) 2012] . Pigs were housed in an environmentally controlled facility with slatted plastic floor, and room temperature was maintained at approximately 24°C. Each pen was equipped with a self feeder, and nipple drinker to allow ad libitum access to feed, and water throughout the experimental period.
Sampling and measurements
Individual pig BW was checked at the beginning, and at the end of the 6 wk experimental period to calculate average daily gain (ADG). In addition, feed consumption was recorded on a pen basis during the experiment to calculate average daily feed intake (ADFI), gain:feed (G:F) ratio, and gain:energy (G:E) ratio. Apparent total tract digestibility (ATTD) of DM, gross energy (GE), and N was determined by adding 2 g kg −1 of Cr 2 O 3 as an indigestible marker in the diet. Pigs were fed chromium diets 1 wk before the fresh fecal grab samples were collected from one gilt and one barrow per pen via rectal massage at the end of week 6. Fecal samples were mixed and pooled, and representative samples were stored in a freezer at −20°C until analyzed.
For the blood profile, samples were collected from two pigs (one gilt and one barrow) randomly selected from each pen via anterior vena cava puncture from the same pig on day 0 and day 42. At the time of collection, blood samples were collected into both nonheparinized tubes and vacuum tubes containing K 3 EDTA (Becton, Dickinson and Co., Franklin Lakes, NJ, USA) to obtain serum and whole blood, respectively. The plasma was separated by centrifugation for 30 min at 2000g and the aliquot was stored at −4°C until it was analyzed for immunoglobulin G (IgG), high-density lipoproteincholesterol (HDL-C), low-density lipoprotein-cholesterol (LDL-C), and total cholesterol (TC) using an automatic biochemistry blood analyzer (HITACHI 747, Hitachi, Tokyo, Japan). The red blood cells (RBC), white blood cells (WBC), and lymphocyte counts of the whole blood samples were determined using an automatic blood analyzer (ADVIA 120, Bayer, Tarrytown, NY, USA) according to the method described by Begum et al. (2016) .
Fresh fecal samples were collected directly by massaging the rectum from the same pigs used for blood sampling at the beginning and end of the experiment and transported to the laboratory, where microbial analysis was immediately carried out according to the method described by Hossain et al. (2016) . In brief, 1 g of the composite fecal sample from each pen was diluted with 9 mL of 10 g L −1 peptone broth (Becton, Dickinson, and
Co., Franklin Lakes, NJ, USA), and then homogenized. Viable counts of bacteria in the fecal samples were then conducted by plating serial 10-fold dilutions (in 10 g L −1
peptone solution) in MacConkey agar plates (Difco Laboratories, Detroit, MI, USA) and lactobacilli medium III agar plates (Medium 638, DSMZ, Braunschweig, Germany) to isolate the E. coli and Lactobacillus, respectively. The lactobacilli medium III agar plates were then incubated for 48 h at 39°C under anaerobic conditions. The MacConkey agar plates were incubated for 24 h at 37°C. The E. coli and Lactobacillus colonies were counted immediately after removal from the incubator. For the analysis of ammonia (NH 3 ), total mercaptans (R.SH), and hydrogen sulfide (H 2 S), fresh feces and urine samples were collected randomly from two pigs (one gilt and one barrow) in each pen by rectal palpation on the last day of the experiment. The urine was collected in a bucket via a funnel below the cage. Samples were kept in sealed containers, and were immediately stored at a Dietary treatments were two levels of fenugreek seed extract (FSE0, 0 or FSE0.2, 2 g kg −1 basal diet), and two levels of energy (LED and HED, 3160 and 3260 kcal kg −1 ME, respectively). Replaced the same amount of corn with fenugreek seed extract to create dietary treatments. LED, low-energy diet; HED, high-energy diet; DM, dry matter; CP, crude protein; DDGS, Distiller's dried grains with solubles; ME, metabolizable energy; Lys, lysine; Met, methionine; TSAA, total sulfur amino acid. −4°C for the duration of the period. After the collection period, feces and urine samples were pooled and each mixed well for each pen. As described by Hossain et al. (2015) , subsamples (150 g feces and 150 g of urine were mixed well; 1:1 on the wet weight basis) were taken and stored in 2.6 L plastic boxes with a small hole in the middle of one side that was sealed with adhesive plaster. The samples were allowed to ferment for 7 d at room temperature (25°C). After the fermentation, a gas sampling pump (Model GV-100; Gastec Corp., Avase, Japan) was utilized for gas detection (Gastec detector tube No. 3La for NH 3 , No. 70 for R.SH, and No. 4LK for H 2 S; Gastec Corp., Avase, Japan) Before measurement, the fecal samples were manually shaken for approximately 30 s to disrupt any crust formation, and to homogenize the samples, and then 100 mL of the headspace air was sampled from approximately 2.0 cm above the sample.
Chemical analysis
Fecal samples were dried at 70°C for 72 h, and along with feed samples, were finely ground to pass through a 1 mm screen. All samples were analyzed for DM [method 934.01; Association of Official Analytical Chemists (AOAC) 2000], N (method 968.06; AOAC 2000) by an N analyzer (Kjectec 2300 N Analyzer; Foss Tecator AB, Höganäs, Sweden), and GE by an oxygen bomb calorimeter (Parr Instrument Co., Moline, IL, USA). The basal diets were also analyzed for calcium (Ca, method 984.01; AOAC 1995), and phosphorus (P, method 965.17; AOAC 1995). Individual amino acid (AA) composition was measured using an AA analyser (Beckman 6300; Beckman Coulter Inc., Fullerton, CA, USA) after a 24 h hydrolysis in HCl. Total sulfur AA (TSAA) content was determined (AOAC 2000) after performic acid oxidation followed by acid hydrolysis (982.30). Chromium was analyzed via UV absorption spectrophotometry (Shimadzu UV-1201; Shimadzu, Kyoto, Japan) following the method described by Williams et al. (1962) . The AOAC (1995) methods were used to determine crude fat (920.39) and crude ash (942.05) for FSE. Acid detergent fiber and NDF of FSE were determined as described by Van Soest et al. (1991) , but sodium sulphite and alpha amylase were omitted from the NDF procedure. Saponin was extracted as described by Nwosu (2011) with some modifications. One gram of the sample was extracted with 40 mL of acetone for 3 h in a soxhlet extractor fitted with a reflux condenser and a flask, and then with 40 mL of methanol in another flask for another 3 h to remove crude saponin. Saponin content was measured with the vanillin perchloric acid colorimetric method as described by Wang et al. (2007) .
Calculations and statistical analysis
The ATTD was calculated using the following formula: digestibility (%) = {1 − [(Nf × Cd)/(Nd × Cf)]} × 100, where, Nf is the nutrient concentration in feces (% DM), Nd is the nutrient concentration in diet (% DM), Cd is the chromium concentration in diet (% DM), and Cf is the chromium concentration in feces (% DM).
All data were statistically analyzed using the repeated measure statement of the PROC MIXED procedure of SAS/STAT® version 9.2 (SAS Institute Inc., Cary, NC, USA). Mixed linear models are used when pig effect and time effect were part of the model for a randomized complete block design with a 2 × 2 factorial arrangement. The pen was considered the experimental unit. For the blood profile data, the initial data were used as a covariate. The model included diet as a fixed effect, whereas pig and period were included as random effects. Data on growth performance, nutrient digestibility, and fecal noxious gas emissions were based on a pen basis, whereas data on blood profiles and fecal microbial shedding were based on individual pig. The data were tested for the treatment effects of dietary FSE, energy density, and their interaction. When a significant interaction was observed, the means of each treatment were compared using Fisher's protected least significant difference. Variability in the data was expressed as the pooled standard error of mean (SEM). Differences were deemed significant when P ≤ 0.05, and trends were noted when 0.05 < P < 0.1.
Results
No interaction (P > 0.10) between dietary nutrient density and FSE supplementation was observed for any measurement. Therefore, only the main effect of each supplement was presented.
Pigs fed HED and FSE diets had significantly (P < 0.05) higher final BW (FBW), ADG, and G:F than LED diets without FSE supplementation (Table 2) . No significant (P > 0.05) difference in ADFI was found among treatment groups. Pigs fed with the FSE diet had significantly higher (P < 0.05) ATTD of N and E compared with those pigs without the FSE diet (Table 3 ). The ATTD of E of pigs fed with the HED diet was higher (P < 0.05) than that of pigs fed with the LED diet. No significant (P > 0.05) difference in ATTD of DM was observed among treatment groups.
No significant (P > 0.05) difference in WBC, RBC, lymphocyte, IgG, HDL-C, LDL-C, or total cholesterol was observed among treatment groups at the beginning of the experiment period (Table 4) . At the end of the experimental period, serum IgG was higher while the TC concentration was lower in pigs fed with the FSE supplementation compared with those without the FSE supplementation (P < 0.05). The WBC, RBC, IgG, lymphocyte, HDL-C, LDL-C, and total cholesterol concentration were not affected (P > 0.10) by energy levels or FSE supplementation.
Fecal microbiota and fecal noxious gas emission
Fecal E. coli and Lactobacillus counts were not significantly (P > 0.05) affected by treatments (Table 5) . Note: There were two pigs per pen per treatment. WBC, white blood cells; RBC, red blood cells; IgG, immunoglobulin G; HDL-C, high-density lipoprotein-cholesterol; LDL-C, low-density lipoprotein-cholesterol; TC, total cholesterol; LED, low-energy diet; HED, high-energy diet; FSE0 and FSE0.2, supplemented with or without 2 g kg −1 FSE. a Pooled standard error of mean (SEM).
Pigs fed with the HED diet tended (P = 0.068) to have lower NH 3 emission than those fed with the LED diet (Table 6 ). FSE supplementation lowered (P < 0.05) the emission of NH 3 and H 2 S compared with nonsupplementation diet (P < 0.05). However, R.SH gas emission was not significantly (P > 0.05) affected by treatments.
Discussion
Effects of FSE
Results of the present study indicated that feeding FSE supplementation increased the growth performance (i.e., FBW, ADG, and G:F) of growing pigs. The mechanism of action of plant extracts has not been clearly established yet. A previous study has indicated that dietary supplementation with plant extracts containing 400 g kg −1 of fenugreek extracts can improve the ADG of nursery pigs (Cho et al. 2006) . Moreover, it has been reported that FSE supplementation at 2 g kg −1 increased ADG in sows (Hossain et al. 2015) and G:F in weanling pigs (Begum et al. 2016) . Other studies have shown that dietary supplementation with plant extracts containing saponin can improve the growth performance and feed efficacy of broilers (Johnston et al. 1981; Griggs and Jacob 2005) . The improvement in growth performance in the current study might be attributed to saponin (i.e., 15.1 mg g −1 FSE and 30.1 mg kg −1 FSE0.2 diet) which has been shown to be able to increase the growth of fish at 15.1 mg g −1 (Francis et al. 2001 (Francis et al. , 2002 . However, it has been demonstrated that supplementation of high doses of saponin can increase weanling piglet feed intake but exert a detrimental effect on feed efficiency (Ilsley et al. 2005) compared with this study (750 mg kg −1 during week 1, and 300 mg kg −1 during weeks 2 to 3 vs.
30.1 mg kg −1 ). Moreover, 9 g kg −1 of dietary saponin is reported to decrease the growth rate and feed intake of chicks (Jenkins and Atwal 1994) . Saponin is found to increase the release of growth hormone from the pituitary gland of rats (Lee et al. 2007 ), resulting in increased BW and fat-free mass of growing pigs (Draghia-Akli and Fiorotto 2004). Moreover, FSE contains protein, fat, minerals, and many chemical compounds that can increase the growth performance of pigs (Brummer et al. 2003; Madhava et al. 2010) . Cho et al. (2006) have reported that dietary supplementation with plant extracts containing fenugreek extracts can elevate ADFI without affecting G:F of weaning pigs during the entire trial period. These different results might be due to different plantderived compounds or experimental conditions of these studies. In this study, FSE supplementation was found to improve the E and N digestibility, in agreement with results of previous studies (EL-Mallah et al. 2005; Note: There were two pigs per pen per treatment. E. coli, Escherichia coli; LED, low-energy diet; HED, high-energy diet; FSE0 and FSE0.2, supplemented with or without 2 g kg −1 FSE. a Pooled standard error of mean (SEM). Note: 150 g of feces and 150 g of urine for each replicate pen. NH 3 , ammonia; R.SH, total mercaptans; H 2 S, hydrogen sulfide; LED, low-energy diet; HED, high-energy diet; FSE0 and FSE0.2, supplemented with or without 2 g kg −1 FSE. a Pooled standard error of mean (SEM). Cho et al. 2006; Hossain et al. 2015) showing that feeding diets containing fenugreek seed to chickens and pigs can increase the digestibility of nutrients. The improvement in N and E digestibility could be due to the saponin content in FSE that can positively impact the intestinal morphology and nutrient absorption (Johnston et al. 1981; Francis et al. 2001; Sukhotnik et al. 2005; Hossain et al. 2015) . In addition, FSE has shown benefits for the digestive tract of rats by producing laxative effects, stimulating digestive secretions, preventing flatulence, and increasing enzymatic activities (Petit et al. 1993; Platel and Srinivasan 2004) . This could partially explain findings of this study. Villi length (VH) and crypt depth (CD) in the small intestine are positively correlated with nutrient digestibility and absorption. It has been indicated that supplementation of diets with plant extracts containing FSE can increase VH and CD (Cho et al. 2006; Hossain et al. 2015) . Thus, FSE supplementation possibly improved nutrient digestibility, leading to better growth performance in growing pigs.
In the current study, feeding growing pigs with FSE diet improved the IgG level. Several studies have shown that FSE possess antioxidant activity, thus enhancing immunity (Belguith-Hadriche et al. 2013; Kenny et al. 2013; Khole et al. 2014; Hossain et al. 2015) . The present findings that FSE reduced the serum TC levels could be due to saponins that can inhibit bile acids and cholesterol absorption from the intestine (Morehouse et al. 1999; Afrose et al. 2009 ). Studies on saponin inclusion in the diet of many species including rats (Afrose et al. 2009 ), rabbits (Morehouse et al. 1999) , and humans (Sowmya and Rajyalakshmi 1999) have shown that appropriate dosages of saponin have beneficial effect on cardiovascular disease by reducing serum TC levels. Furthermore, FSE contains soluble dietary fibers (SDF) rich in galactomannan (Bin-Hafeez et al. 2002; Khole et al. 2014) . It has been reported that galactomannan isolated from fenugreek seeds can successfully reduce serum TC (Maisonnier et al. 2001; Brummer et al. 2003; Hannan et al. 2007; Begum et al. 2016) . In the present study, SDF was not analyzed. Future studies are merited to elucidate the effect of FSE added to growing pig diets on serum TC.
Previous studies have observed that fecal noxious gas emissions (i.e., NH 3 and H 2 S) can be reduced by saponin and plant extracts through fenugreek supplementation (Johnston et al. 1981; Cho et al. 2006; Hossain et al. 2015) . In our study, NH 3 and H 2 S were decreased by FSE supplementation. It has been suggested that fecal noxious gas emission is related to intestinal microbiota (Ferket et al. 2002; Hossain et al. 2015) . Fenugreek seed extract supplementation was found to have no effect on fecal microbiota in the present study. However, FSE has been shown to be effective in inhibiting the growth of Pseudomonas spp., E. coli, Shigella dysentiriae, and Salmonella typhi (Akbari et al. 2012; Begum et al. 2016 ).
Active galactomannans (Maisonnier et al. 2001) in FSE could lead to LT-GM1 complex that is shown to inhibit 43%-65% of enterotoxigenic E. coli diarrhea in humans and piglets (Becker et al. 2010 ). This variability in results might be due to different doses applied, sensitivity towards additives, differences in genetic composition, age or sex of pigs, and environmental factors. Several studies have suggested that the fecal noxious gas content is related to the digestibility of nutrients (Yan and Kim 2013; Hossain et al. 2015) . Increased digestibility may allow less substrate for microbial fermentation in the large intestine, consequently decreasing fecal noxious gas content. It has been suggested that the N and sulphur (S) form NH 3 and H 2 S are generally derived from fermentation of unabsorbed N and S entering the large intestine (Spoelstra 1980; Song et al. 2012 ). Although we did analyze S digestibility, we hypothesized that the reason for the decreased fecal noxious gas content in the present study was due to improved nutrient digestibility in pigs.
Effects of energy level
In the present study, pigs fed with HED diet had greater FBW, ADG, and G:F than those fed with LED diet. This is in agreement with results of previous studies Yan and Kim 2013; Zhang et al. 2014) showing that increased nutrient density could improve the ADG and G:F in growing-finishing pigs. In growing-finishing pigs, about one-third of the available energy is spent for maintenance while about half is used for fat deposition. The remaining energy is used for protein formation (Yan and Kim 2013) . Deposition of body protein is increased in a linear manner with energy intake until a maximum protein deposition is achieved (Austin 2011) . It is most likely that the improvement in weight gain is due to additional energy available when a high-energy diet is used. In contrast to the current study, Yan et al. (2010) have reported that pigs fed with a high-energy and nutrient density diet have lower ADFI compared with those fed with lownutrient-density diet. Meng et al. (2010) have reported that increased nutrient density can improve the growth performance of growing-finishing pigs without affecting ADFI. Thus, we hypothesized that the higher ADG of pigs fed with the HED diet could be attributed to increased nutrient intake.
Pigs fed with HED diet had no effect on blood parameters, in agreement with the results of Yan and Kim (2013) . In our study, a portion of corn was substituted with tallow (15 and 25 g kg −1 in LED and HED, respectively). This increased the diet energy level. Cho and Kim (2013) have suggested that broilers fed with a high-energy diet containing 20 and 30 g kg −1 of tallow for starter and finisher phase, respectively, has increased TC and LDL-C. Özdoğan and Akşit (2003) also have reported that feeding 60 g kg −1 of tallow to broilers can increase the LDL compared with feeding 60 g kg −1 of soybean oil. The discrepancy in results could be due to sex, different types of animal, time, and dietary fat source (Ding et al. 2003; Meng et al. 2010) . No significant difference in fecal microbiota or fecal noxious gas emission was observed in pigs fed with energy diets. Reduction in fecal noxious gas emission may improve nutrient digestibility and increase gut health of pigs Zhao et al. 2013) . The tendency of reduced NH 3 gas emissions in pigs fed with HED diet found in this study might be due to increased E digestibility. Zhang and Kim (2013) have reported that dietary high nutrient density (2800 kcal ME kg −1 ) in laying hens has no influence on excreta microflora or noxious gas emissions.
Conclusion
In conclusion, HED diet improved the final BW, ADG, growth efficiency, and E digestibility of growing pigs compared with LED diet. Fenugreek seed extract supplementation in growing pig's diets improved the growth performance and serum IgG concentration in growing pigs. Moreover, feeding diets with FSE supplementation increased apparent total tract digestibility of nutrients (i.e., N and E). However, FSE supplementation reduced fecal noxious gas emission (i.e., NH 3 and H 2 S) in growing pigs. These results implied that FSE supplementation may be able to improve the immune response of pigs and minimize air pollution associated with pork production.
